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CHAPTER  1  -  INTRODUCTION 


“ America  must  build  effective  missile  defenses,  based  on  the 
best  available  options,  at  the  earliest  possible  date.  Our  missile 
defense  must  be  designed  to  protect  all  50  states,  friends  and  allies 
from  missile  attacks  by  rogue  nations  or  accidental  launches.  ” 

President  Bush 

Ballistic  missiles  carrying  nuclear  weapons  and  the  proliferation  of  nuclear  weapons  and 
related  technologies  represent  two  of  the  gravest  threats  to  the  security  of  the  United  States  and 
its  service  members  deployed  overseas.  The  threat  environment  the  U.S.  will  be  confronted  with 
will  be  fundamentally  different  from  the  Cold  War  period  and  the  period  characterized  by 
today’s  global  fight  against  terrorism.  The  international  environment  shaped  by  rogue  states,  the 
withdrawal  of  Cold  War-era  security  guarantees,  and  concerns  about  the  availability  of  advanced 
weapons  to  terrorist  organizations  ensure  that  the  growing  ballistic  missile  threat  environment 
and  the  proliferation  of  nuclear  weapons  remain  central  to  U.S.  security  concerns.1 

The  list  of  international  actors  who  either  possess  ballistic  missiles  or  seek  to  procure  this 
technology  has  grown  exponentially  over  the  years.  Take  for  instance,  in  1972;  just  nine 
countries  had  a  ballistic  missile  aresenal.  Today,  that  number  has  grown  to  33  countries  which 
include  hostile  regimes  with  ties  to  terrorist  organizations.4  Rogue  states,  chief  among  them 
North  Korea  and  Iran,  have  placed  a  premium  on  the  acquisition  of  nuclear  weapons  and  ballistic 
missiles  of  increasing  range.5  Syria  possesses  one  of  the  largest  ballistic  missile  force  structures 
in  the  Middle  East  and  has  an  active  program  conducting  research  and  development  of  nuclear 
technologies.6  Both  India  and  Pakistan  have  active  nuclear  programs  and  North  Korea 
confirmed  its  position  in  the  world  as  a  nuclear-capable  state  after  detonating  a  1-kiloton  weapon 
in  2006. 7 
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Both  Russia  and  China  continue  to  expand  the  range  and  sophistication  of  their  strategic 
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weapons  arsenals.  While  Russia  maintains  the  world’s  second  largest  nuclear  stockpile,  China 
is  increasing  its  nuclear  weapons  capacity  and  also  maintains  the  world’s  most  active  ballistic 
missile  production  program.  Of  equal  concern  is  China’s  propensity  to  proliferate  WMD  and 
ballistic  missile  technology  or  materials.9  In  2007,  the  U.S.  imposed  sanctions  on  several 
Chinese  companies  for  sales  of  WMD  and  missile  technologies.10  However,  Beijing  continues  to 
fall  short  in  its  enforcement  of  export  controls  in  response  to  the  sanctions  which  in-tum 
empowers  private  Chinese  businesses  to  continue  selling  technologies  to  rogue  states  like  North 
Korea  and  Iran. 1 1 

Terrorist  organizations,  in  particular,  al-Qa’ida,  remain  interested  in  acquiring  WMD  and 
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delivery  systems  for  use  in  attacks  against  the  U.S.  and  its  service  members  deployed  overseas. 
One  of  the  more  disturbing  scenarios  examined  within  the  intelligence  community  highlights 
how  terrorist  organizations  could  launch  a  short-range  ballistic  missile  attack  from  ships  parked  a 
short  distance  from  America’s  coastline.  An  action  of  this  nature  could  produce  mass 
casualties,  economic  disruption,  and  localized  terror  on  a  large  scale. 

The  growth  of  ballistic  missile  platforms  and  the  sophistication  of  these  systems  are 
evolving  at  a  pace  that  no  longer  allows  the  luxury  of  long  lead  times  for  defensive 
counter-measures.14  In  order  to  address  this  complex  and  increasingly  growing  danger,  the  U.S. 
must  move  beyond  the  initial  missile  defense  deployment  stages  of  recent  years  and  focus  on 
deploying  a  system  capable  of  providing  comprehensive  protection  of  America’s  homeland.16 
This  defensive  network  must  also  be  able  to  dissuade  would-be  missile  possessors  from  costly 
investments  in  missile  technologies,  and  to  deter  future  adversaries  from  confronting  the  United 
States  with  ballistic  missiles  carrying  WMD.16  Additionally,  America’s  strategic  objective 
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should  make  it  impossible  for  any  adversary  to  influence  U.S.  decision-making  in  times  of 
conflict  through  the  use  of  missile  platforms  or  WMD  blackmail.17 

These  priorities  necessitate  the  deployment  of  a  system  capable  of  constant  defense  against 
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a  wide  range  of  missiles  in  all  phases  of  flight:  boost,  midcourse,  and  terminal.  A  multi-layered 
system,  encompassing  extended-range  conus  and  theater-based  defense  assets  would  provide 
multiple  opportunities  to  destroy  incoming  missiles  originating  from  any  point  around  the 
world.19  However,  a  truly  global  capability  cannot  be  achieved  without  incorporating  interdic- 
tion  capabilities  through  space  as  one  of  its  key  operational  enablers.  In  the  twenty-first 
century,  space  has  replaced  the  seas  as  the  ultimate  frontier  for  commerce,  technology,  and 
national  security.  Interdiction  capabilities  navigating  through  space  affords  maximum 
opportunities  for  missile  interception  on  a  global  scale.  As  directed  energy  technology  continues 
to  mature,  lasers  could  one  day  provide  a  viable  interdiction  capability  through  space  to  defend 
the  U.S.  against  the  growing  threat  of  missile  attack. 

Two  directed  energy  weapon  systems  that  could  provide  this  network  are  the  free-electron 
laser  and  the  space-based  relay  mirror.  Although  still  early  in  the  technological  development 
stages,  these  two  systems  hold  great  promise  for  creating  a  robust,  defense  network  capable  of 
extended-range  operations.  This  network  would  provide  the  final  layer  to  America’s  quest  of 
developing  a  multi-layered  defense  infrastructure  while  also  covering  for  any  limitations  posed 
by  today’s  kinetic  energy  intercept  technology. 

The  currently  deployed  kinetic-kill  missile  defense  system  is  limited  to  mid-course  defense 
and  effective  against  only  a  few  missiles  with  simple  decoys.  Free-electron  lasers  complimented 
by  space-based  relay  mirrors  would  deter  adversaries  from  launching  an  attack  against  the  U.S. 
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and  service  members  since  defensive  engagement  would  be  near-instantaneous.  Should 
deterrence  fail,  this  network  would  autonomously  employ  high  energy  lasers  to  defeat  any  target 
regardless  of  location  of  origin.  When  combined  with  a  kinetic-kill  infrastructure,  the  free 
electron  laser  and  space-based  relay  mirror  could  provide  the  U.S.  with  a  responsive  network  of 
options.  There  is  great  promise  on  the  horizon  for  both  the  free-electron  laser  and  space-based 
relay  mirror  to  become  the  next  generation  of  missile  defense  and  rc-define  how  the  U.S. 
conducts  operations  to  secure  the  homeland  against  air-based  threats. 

The  purpose  of  this  research  paper  is  threefold.  First,  the  paper  will  look  at  three  potential 
adversaries  of  the  U.S.  who  may  become  capable  of  endangering  America’s  security  with  the  use 
of  ballistic  missiles.  From  these  examples,  it  will  be  clear  that  a  change  to  the  current  missile 
defense  force  structure  is  needed.  Next,  this  thesis  will  examine  the  growth  of  ballistic  missile 
technology  and  offer  how  a  free-electron  laser  weapon  system  coupled  with  a  dedicated  network 
of  space-based  relay  mirrors  could  provide  the  U.S.  with  an  enduring  capability  to  defeat  missile 
threats  on  a  global  scale.  The  successes  of  the  Airborne  Laser  may  offer  the  blueprint  for 
developing  a  land-based  free-electron  laser  missile  defense  architecture.  I  will  conclude  this 
research  paper  by  offering  a  Concept  of  Operations  that  can  be  used  by  the  Air  Force  institution 
to  continue  developing  and  eventually  procuring  a  directed  energy  weapon  system.  Make  no 
mistake  about  it,  procurement  of  this  system  will  be  time  consuming,  technically  challenging  and 
expensive,  but  it  is  a  necessary  exercise  in  protecting  the  U.S.  from  growing  threats.  A 
conus-based  free-electron  weapon  system,  coupled  with  a  dedicated  network  of  space-based 
relay  mirrors  could  provide  the  U.S.  with  a  viable  and  credible  missile  defense  capability. 
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CHAPTER  2  -  FUTURE  BALLISTIC  MISSILE  THREAT  ENVIRONMENT 


The  environments  outlined  below  are  illustrative  in  nature  and  gathered  from  unclassified 
intelligence  estimates  and  open-source  periodicals.  The  purpose  of  the  scenarios  are  to  highlight 
the  growing  ballistic  missile  threat  posed  by  three  potential  adversaries  the  U.S.  could  be 
confronted  with  in  the  future  . . .  China,  Iran,  and  North  Korea.  Some  intelligence  experts  predict 
the  future  security  of  the  U.S.  will  reach  a  culminating  point  when  rogue  states  and  irrational 
actors  are  able  to  acquire  nuclear  weapons  and  the  means  to  deliver  them.  This  bleak  outlook 
could  hold  major  U.S.  population  centers  and  service  members  deployed  overseas  at  great  risk. 
Although  not  classified  as  a  rogue  state,  China  already  possesses  a  sophisticated  weapons  arsenal 
that  could  hold  any  location  within  the  U.S.  at  risk.  Intelligence  networks  have  reported  that 
North  Korea  and  Iran  conduct  business  with  China  which  has  been  useful  to  expediting  their 
ballistic  missile  and  nuclear  weapons  development  program. 

The  information  below  may  be  disturbing  as  it  highlights  how  potential  adversaries  will 
continue  advancing  missile  technologies  and  nuclear  weapons  production  which  could  challenge 
U.S.  national  security  interests.  The  information  uses  real  places,  real  technologies  and  real 
people,  in  some  instances,  throughout. 
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Figure  1  Courtesy  of  2009  Independent  Working  Group,  Missile  Defense,  the  Space  Relationship,  and  the 
Twenty-First  Century 


While  not  yet  an  avowed  peer  competitor  of  the  U.S.,  China  is  involved  in  an  intense 
competition  with  America  for  power  and  influence  in  both  the  region  and  on  a  global  scale.  The 
country’s  regional  and  global  power  ambitions  are  enabled  by  a  robust  military  capability  that 
includes  a  wide-range  of  ballistic  missiles.  According  to  Defense  Department  intelligence 
sources,  China  has  the  most  active  ballistic  missile  program  in  the  world.  It  is  developing  and 
testing  offensive  rockets,  forming  additional  missile  units,  qualitatively  upgrading  certain  missile 
systems,  and  developing  methods  to  counter  missile  threats.  ~  China’s  missile  modernization 
efforts  build  upon  current  capabilities  that  encompass  ballistic  missiles  able  to  target  the  U.S.  as 
well  as  Japan  and  other  regional  allies.'  For  example,  China  has  over  46  Dong-feng  4,  Dong- 
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feng  5,  and  Dong-feng  31  intercontinental  ballistic  missiles,  approximately  35  intermediate- 
range  platforms,  and  hundreds  of  short-range  rockets  currently  deployed.  Between  990  and 
1074  short-range  rockets  are  deployed  opposite  Taiwan  and  that  number  increases  by  100  each 
year.  At  the  same  time,  China  is  in  the  midst  of  a  massive,  multi-year  strategic  military 
modernization  effort  which  includes  upgrading  its  weapons  platfonn  arsenal. 

Modernization  efforts  include  deploying  the  Deng-feng  3 1  ICBMs  with  multiple 
independently  re-targetable  re-entry  vehicles.  This  design  would  enable  the  warheads  to  defeat 
the  currently  U.S.  deployed  kinetic  energy  missile  defense  systems.  Additionally,  Beijing  is 
placing  a  lot  of  emphasis  on  developing  a  solid-fuel  “launch  on  demand”  system  designed  to 
transform  its  strategic  offensive  nuclear  forces  from  large  stationary  missiles  to  more  versatile 
road  and  rail  mobile  variants."  Notably,  China  has  developed  a  new  submarine-launched 
version  of  the  Deng-feng  31,  the  Julang  2.  This  platfonn  is  capable  of  traveling  9,600  kilometers 
and  according  to  U.S.  defense  estimates,  will  enable  Chinese  submarines  to  hold  major  areas  of 
the  U.S.  at  risk  while  still  located  in  port."  This  capability  is  even  more  frightening  considering 
the  remarks  made  by  Chinese  General  Zhu  Chenghy  who  stated  that  “nuclear  weapons  would 

98 

have  to  be  used  if  the  United  States  intervened  militarily  in  a  conflict  over  Taiwan.”" 

The  Sino-American  diplomatic  relationship  represents  one  of  the  greatest  uncertainties  of 
the  twenty- first  century.  National  financial  experts  and  the  World  Bank  Organization  agree 
that  China  will  have  the  world’s  top  ranked  economy  by  the  year  2035  in  terms  of  its  gross 
domestic  product.  If  that  GDP  translated  directly  into  military  power,  then  by  the  year  2030, 
China  would  have  the  capacity  to  afford  military  forces  equal  to  or  far  superior  to  current  U.S. 
capabilities.  While  this  prediction  must  be  tempered  with  calculations  such  as  per  capita 
measurements,  even  by  conservative  measures,  it  is  likely  that  by  the  year  2030,  China  will 
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modernize  its  forces  to  reach  a  level  of  approximately  one  quarter  of  current  U.S.  capabilities 
without  any  significant  impacts  on  the  economy.  Regardless  of  the  U.S.  approach  to  China 
whether  containment  or  engagement,  or  a  combination  of  both,  the  fact  remains  China  will 
become  increasingly  important  in  the  considerations  and  strategic  perceptions  of  America’s 
civilian  and  top  military  leaders. 

The  course  that  this  communist  state  takes,  in  tenns  of  their  growing  economic  strength 
and  military  development,  will  determine  much  about  the  character  and  nature  of  the  twenty-first 
century  remains  to  be  seen.  Whether  it  will  be  a  bloody  century  or  one  of  peaceful  global 
co-existence  between  the  U.S.  and  China.  At  this  point,  the  Chinese  are  uncertain  about  these 
future  prospects  but  what  does  appear  to  be  relatively  clear  is  Sino  leaders  are  thinking  about 
potential  long-tenn  conflicts  with  the  U.S.  and  are  aggressively  working  to  bolster  their  strategic 
weapons  arsenal. 
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Figure  2  Courtesy  of  2009  Independent  Working  Group,  Missile  Defense,  the  Space  Relationship,  and  the 
Twenty-First  Century 


With  the  benefit  of  assistance  from  abroad,  including  North  Korea  and  Pakistan,  the 

'X') 

Islamic  Republic  of  Iran  has  moved  forward  with  its  ballistic  missile  program.  Although  Iran 
has  been  ballistic  missile-capable  since  the  1980s,  the  year  2003  marked  a  major  milestone  in 
weapons  platform  technology.  Iran  was  able  to  operationally  deploy  a  1,300  kilometer-range 
Shahab  3,  which  is  now  capable  of  targeting  Israel  and  Turkey  as  well  as  U.S.  service  members 
deployed  in  the  Persian  Gulf  region.  Since  then,  Iran  has  begun  mass  producing  the  Shahab-3 
missile  as  well  as  working  on  a  number  of  Shahab  variants.  ’4  This  effort  has  yielded  several 
important  dividends. 


9 


In  September  2007,  Iran  publicly  unveiled  a  new  medium-range  missile,  the  Ghadr-1,  at  a 

35 

military  parade  in  Tehran.  ~  This  platform,  which  Iran  claims  has  a  range  of  1,800  kilometers, 
appears  to  be  an  extended-range  variant  of  the  Shahab-3.  Subsequently,  in  November  2007, 

Iran  carried  out  a  test  of  the  Ashoura  rocket  which  is  a  2,000  kilometer-range  solid  fuel  variant  of 
the  Shahab.  These  tests  are  further  evidence  that  the  Republic  is  trying  to  increase  the  range  of 
its  ballistic  missile  arsenal  with  the  goal  of  developing  an  intercontinental  system 
by  the  year  20 15. 37 

This  effort  is  closely  linked  to  the  Rupublic’s  interest  in  developing  nuclear  weapons. 

Iran  was  known  to  be  reviving  its  civilian  nuclear  program  since  the  1990s,  but  revelations  in 
2002  and  2003  of  clandestine  research  into  fuel  enrichment  and  conversion  raised  international 

to 

concern  that  Iran’s  interest  had  moved  beyond  a  peaceful  intent.  Despite  the  insistence  that 
nuclear  technology  is  being  looked  at  for  peaceful  purposes,  many  leaders  within  the 
international  community  remain  skeptical  of  Iran’s  true  intentions.  And,  despite  a  U.S. 
intelligence  finding  in  November  2007  that  concluded  the  Republic  halted  its  nuclear  weapons 
program  in  2003,  U.S.  officials  continue  to  warn  that  Iran  seeks  to  weaponize  its 
nuclear  program.39 

Since  December  2007,  Iran  has  built  a  stockpile  of  low-enriched  uranium  hexafluoride.40 
According  to  the  International  Atomic  Energy  Agency,  the  country’s  stockpile  had  reached  more 
than  1,000  pounds  by  August  2008  with  monthly  production  rates  of  more  than  100  pounds.41  If 
production  rates  continue  at  this  pace,  Iran  should  be  able  to  produce  15,000  pounds  of  uranium 
before  the  close  of  2009.  This  uranium  could  be  re-circulated  through  its  centrifuges  to  produce 
the  35  pounds  of  weapons  grade  uranium  which  is  sufficient  for  one  bomb.  In  April  2008, 
Iranian  President  Mahmoud  Ahmadinejad  disclosed  that  his  government  had  begun  to  install 
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another  6,000  centrifuges  at  the  Natanz  facility.4,  Ahmadinejad  also  announced  to  supporters  at 
that  time  that,  “Iran’s  victory  in  this  biggest  political  battle  will  lead  to  new  international 
developments.”  Thus  all  indicators  point  towards  a  nuclear-capable  Iran  as  early  as  2010  44 


North  Korea:  Taepo  Dong  Missiles 
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Figure  3  Courtesy  of  2009  Independent  Working  Group,  Missile  Defense,  the  Space  Relationship,  and  the 
Twenty-First  Century 
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North  Korea  is  the  most  advanced  of  the  “small  state”  missile  developers  and  since  the 
demise  of  the  Soviet  Union,  has  probably  the  largest  missile  arsenal  in  the  developing  world. 
Pyongyang  has  engaged  in  extensive  efforts  to  conceal  the  size  and  scope  of  its  missile 
programs,  though  estimates  suggest  that  it  may  have  deployed  as  many  as  1000  rockets.45  This 
number  includes  600  to  800  scud-type  short-range  rockets,  150  to  200  medium-range  platforms, 
and  50  long-range  assets  46 
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In  July  2006,  North  Korea  launched  seven  ballistic  missiles,  including  the  new  long-range 
Taepo  Dong  2  rocket,  as  part  of  a  series  of  test  launches.47  While  the  Taepo  Dong  missile  failed, 
it  signified  a  considerable  advance  in  the  development  of  Pyongyang’s  extended  range  missile 
capability.  The  Congressional  Research  Service  has  indicated  that  the  Taepo  Dong’s  design 
would  allow  it  to  deliver  a  1,500-kilogram  warhead  to  targets  as  far  away  as  8,000  kilometers.49 

Additionally,  North  Korea  has  been  nuclear  capable  since  2006.  In  2008,  North  Korean 
officials  admitted  that  37  kilograms  of  plutonium  had  been  produced  at  the  Yongbyon  reactor, 
which  was  enough  for  nine  nuclear  weapons.50  American  assessments  suggest  that  the  actual 
amount  of  plutonium  produced  was  likely  much  higher  and  that  as  much  as  60  kilograms  could 
have  been  extracted.51  Based  upon  this  judgment,  North  Korea  may  have  as  many  as  15  nuclear 
weapons,  though  most  estimates  within  the  U.S.  intelligence  community  place  the  number  at 
around  ten.52 

In  2006,  North  Korea  successfully  conducted  an  underground  low-yield  nuclear  test.  This 
test  however  did  not  produce  a  significant  nuclear  yield  with  some  estimates  being  as  low  as  one 
kiloton.  After  the  test,  Pyongyang  re-engaged  in  the  Six  Party  Talks  which  was  aimed  at  ending 
its  nuclear  development  program.  In  response,  the  U.S.  moved  toward  lifting  some  of  the 
sanctions  imposed  against  this  rogue  state  and  also  removing  the  country  from  the  list  of  nations 
that  sponsor  terrorism.  However,  in  December  2008,  North  Korea  once  again  withdrew  from  the 
Six  Party  Talks  and  agreed  to  only  rejoin  if  Japan  were  removed  from  discussions. 
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It  remains  to  be  seen  whether  Pyongyang  will  re-engage  in  a  diplomatic  solution  and  end 
continued  nuclear  weapons  production.  With  the  current  withdrawal  from  talks,  defense  industry 
experts  and  national  intelligence  centers  have  concluded  it’s  only  a  matter  of  time  before  Korea 
resumes  long-range  missile  development  and  possible  employment  with  a  capability  to  transport 
WMD  payloads. 
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CHAPTER  3  -  DIRECTED  ENERGY  WEAPON  SYSTEM 


Directed  energy  weapons  have  come  of  age  over  the  years  and  could  be  scaled  to  weapons 
grade  power  to  defends  against  the  growing  threat  of  ballistic  missiles.  The  idea  of  a  “death 
ray”  which  can  instantly  engage  a  target  from  great  distances  has  retained  its  allure  over  the 
years  since  H.G.  Wells  published  “War  of  the  Worlds”  in  1898. 54  Although  it  is  plausible  to 
believe  weapons  platfonns  capable  of  attacking  a  target  at  the  speed  of  light  would  only  happen 
in  science  fiction  movies,  the  fact  is,  near  instantaneous  applications  and  global-range 
capabilities  are  two  core  characteristics  that  make  directed  energy  so  attractive  to  defense  experts 
and  industry  leaders.  Directed  energy  systems  can  take  for  the  form  of  lasers,  high-power 
microwaves,  and  particle  beams,  but  for  the  purposes  of  this  research  paper,  the  focus  will 
remain  solely  on  lasers. 

Directed  energy  lasers  are  produced  by  a  number  of  different  methods,  ranging  from  rods 
of  chemically  laced  glass,  to  energetic  chemical  reactions,  to  the  wiggling  of  free  elections. 
Beams  can  either  be  continuous  or  short-pulsed  and  all  produce  intense  levels  of  energy  in  every 
wavelength  of  the  electromagnetic  spectrum,  from  infrared  to  ultraviolet.  Laser  beams  are 
capable  of  destroying  targets  from  great  distances  which  make  the  technology  a  prime  candidate 
for  continued  research  and  development. 

Lasers  represent  the  most  mature  form  of  directed  energy.  The  power  output  necessary  for 
a  laser  to  reach  weapons  grade  power  for  ballistic  missile  defense  is  a  minimum  of  1  megawatt 
(1000  kilowatts).55  Compared  with  conventional  weapons,  which  rely  on  the  kinetic  or  chemical 
energy  of  an  intercept  vehicle,  lasers  can  hit  a  target  with  sub-atomic  particles  or 
electromagnetic  waves.56 
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During  the  past  two  decades,  this  technology  has  advanced  considerably  in  areas  such  as 
power,  beam  control,  and  pointing  and  tracking  techniques  which  enables  the  system  to  hit  a 
target  at  great  ranges.57  This  energy  can  be  used  to  engage  satellites,  aircraft,  and  vehicles,  but 
the  most  promising  aspect  of  this  technology  is  the  ability  to  destroy  missiles  traveling  at  mach 
or  supersonic  speeds.  In  addition  to  being  able  to  being  able  to  engage  rapidly  moving  targets, 
lasers  can  be  re-directed  by  mirrors  to  hit  these  targets  that  fall  outside  of  line-of-sight  range. 

This  all  can  be  done  without  compromising  much  of  the  beam’s  initial  power.58  The  unique 
attributes  of  lasers  has  the  potential  to  revolutionize  missile  defense  operations.  Those 
attributes  include: 

1.  Speed  of  Light  Capability:  This  represents  a  core  significant  advantage  of  lasers.  With  the 
potential  to  travel  at  186,000  miles  per  second,  directed  energy  offers  the  warfighter 
near-instantaneous  options  to  destroy  targets  at  great  distances.  Quite  naturally,  this  attribute 
also  greatly  simplifies  tracking  and  targeting  of  missiles  while  also  greatly  reducing  target 
counter-measure  techniques. 

2.  Precise  and  Adjustable  Targeting:  Directed  energy  offers  extremely  precise  targeting  effects, 
which  are  capable  of  delivering  energy  to  a  small  spot  on  a  missile.  This  phenomenon  would 
cause  a  missile  to  undergo  aerodynamic  stress  which  would  lead  to  catastrophic  failure.  A 
related  feature  of  this  characteristic  is  the  ability  to  adjust  the  amount  of  energy  required  to 
successfully  propagate  through  the  atmosphere  from  surface  locations.  The  free-electron 
laser  is  the  only  form  of  directed  energy  that  has  demonstrated  that  capability. 

3.  Affordability:  Once  deployed,  lasers  will  be  able  to  intercept  missiles  at  relatively  low  costs 
per  shot.  Although  the  beam-generating  system  may  be  initially  expensive  to  build  and 
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maintain,  the  price  per  engagement  will  be  relatively  cheap  as  compared  to  conventional 
systems.59  For  example,  the  Missile  Defense  Agency  conducted  a  missile  intercept 
experiment  back  in  December  of  2008  using  a  kinetic  energy  intercept  vehicle.  The  total  cost 
of  the  experiment  ranged  between  $120  million  and  $150  million,  although  the  Agency  did 
employ  several  other  defense  systems  to  ensure  a  successful  intercept.60  Navy  surveillance 
ships  and  space-based  command  and  control  platforms  provided  a  robust  network  for  the 
experiment  that  assisted  with  launch  intercept.  . 

4.  Repetitive  Engagements:  Laser  have  a  great  capacity  for  continuous  engagements  over  an 
extended  period  of  time,  and  are  constrained  only  by  the  availability  of  power  and  the  need  to 
vent  energy  producing  by-products  such  as  heat.  Conventional  weapons,  especially  those 
firing  precision-guided  munitions,  are  constrained  in  the  number  of  engagements  it  can 
execute.  In  addition  to  engaging  threats,  lasers  can  be  used  to  detect,  image,  track,  and 
illuminate  targets.  This  process  can  work  autonomously  with  the  “kill  laser”  while  also 
enabling  the  platform  to  lock  onto  a  multiple  number  of  missiles. 

5.  Weapon  System  Diversity:  Directed  energy  systems  can  be  placed  on  a  variety  of  platforms 
to  achieve  optimum  results.  Airborne  lasers  are  capable  of  attacking  targets  out  to  several 
hundred  kilometers,  while  a  ground-based  platform  could  attack  targets  on  a  global  scale.  A 
complimentary  network  of  space-based  relay  mirrors  is  required  to  extend  a  ground-based 
system  to  a  global  scale. 
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The  Airborne  Laser  -  the  Air  Force’s  High  Energy  Missile  Defense  System 


After  more  than  40  years  of  technology  development  and 
billions  of  dollars  in  investments,  the  Department  of 
Defense  is  on  the  verge  of  deploying  its  first  airborne,  high- 
energy  weapon  system.61  The  Airborne  Laser  (ABL),  which 
is  being  developed  by  the  U.S.  Missile  Defense  Agency;  and 
the  industry  team  of  Boeing,  Northrop  Grumman,  and 
Lockheed  Martin,  will  provide  a  rapidly  deployable,  precise,  speed-of-light  capability  to  destroy 
ballistic  missiles  during  the  boost  phase  of  flight.  ~  Its  revolutionary  use  of  directed  energy 
makes  it  unique  among  the  United  States’  airborne  weapon  systems,  with  the  potential  to  attack 

63 

multiple  targets  at  the  speed  of  light  with  a  range  of  hundreds  of  kilometers. 

The  mission  of  the  ABL  is  to  detect,  track,  target,  and  destroy  all  classes  of  ballistic 
missiles.64  The  weapon  system  uses  two  solid  state  lasers  and  a  megawatt-class  Chemical 
Oxygen  Iodine  Laser  (COIL)  housed  onboard  a  modified  Boeing  747-400  freighter  aircraft  to 
destroy  missiles.  Six  infrared  sensors  positioned  on  the  outside  of  the  aircraft  enable  the 
platform  to  scan  the  horizon  for  threats.65  Once  a  threat  has  been  detected,  two  kilo-watt  solid 
state  lasers  lock  on  to  the  target  and  provide  the  beam  director  a  precise  aiming  point  as  well  as 
pre-conditioning  the  weapon  system  to  account  for  atmospheric  abnormalities.66  Finally,  the 
ABL  will  then  fire  its  high  energy  COIL  from  a  turret  located  in  the  nose  of  the  aircraft  to 
destroy  a  target.  The  system  is  also  designed  to  perform  as  an  intelligence,  surveillance,  and 
reconnaissance  platform.  This  feature  of  the  weapon  system  is  designed  to  collect  and  pass 
information  on  launch  sites,  target  sites,  and  predicted  impact  points  to  other  elements  of  a 
missile  defense  network. 


Figure  4  Courtesy  of  Boeing  Industry 
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The  kill  mechanism  on  the  aircraft,  the  COIL,  combines  a  mixture  of  hydrogen  peroxide, 
potassium  hydroxide,  chlorine  gas,  and  water  to  generate  its  lethal  beam.  The  aircraft’s  beam 
control  and  fire  control  system  maintain  the  strength  and  direction  of  the  laser  as  it  travels 
through  the  atmosphere.69  The  beam  travels  at  the  speed  of  light  until  it  reaches  the  target  and 
then  heats  the  missile’s  metal  skin  until  it  cracks.  Since  the  interior  of  the  booster  is  pressurized, 
the  crack  in  the  skin  will  cause  fuel  to  explode,  which  will  disintegrate  the  threat  over  its 
launch  site. 

The  Airborne  Laser  weapons  system  recently  completed  the  final  stages  of  ground-based 
system  testing.  In  December  2008,  the  Missile  Defense  Agency  along  with  defense  industry 
contractor,  Boeing,  fired  the  high  energy  COIL  through  a  beam  control  and  fire  control  system 
for  the  first  time  since  the  platform  has  been  undergoing  testing.70  The  beam  then  excited  the 
aircraft  and  was  captured  by  a  Range  Simulator  Diagnostic  System,  which  provided  simulated 
targets  as  well  as  “dump”  and  diagnostics  for  the  laser  beam.71  The  analysis  of  the  test  indicated 
the  weapon  system  scored  a  direct  hit. 

Today,  the  Airborne  Laser  is  preparing  for  final  system  checkout  and  initial  operational 
certification.  This  methodical  process  is  necessary  to  certify  all  onboard  components  of  the 
weapon  system  and  ensure  the  system’s  high-energy  COIL  continues  to  work  autonomously  with 
the  solid  state  lasers.  Final  system  checkout  will  culminate  with  a  live  in-flight  missile-shoot- 
down  demonstration  during  the  summer  of  2009.  If  the  test  succeeds,  plans  are  to  build  another 

six  ABL-armed  747s  and  deploy  the  assets  to  theaters  of  interest. 
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Advantages  of  Airborne  Laser  Weapon  System 


Fielding  the  laser  will  provide  the  U.S.  and  its  allies  with  a  mobile  high  altitude  weapon 
system  that  can  take  multiple  shots  at  rapidly  accelerating  ballistic  missiles  that  have  thousands 
of  pounds  of  explosives  or  weapons  of  mass  destruction.  ~  Within  a  second,  a  directed  energy 
laser  beam  can  engage  the  outer  protective  skin  of  the  missile  and  disrupt  the  flight  path  of 
the  threat.74 

Since  the  system  entered  testing,  the  laser  has  succeeded  through  numerous  technical  and 
engineering  challenges.  Scientists  had  to  ensure  that  the  physics  of  the  chemical  and  solid  state 
laser  worked  autonomously  in  the  small  confines  of  the  aircraft.  The  system  has  met  all  of  its 
critical  operational  checkpoints  and  has  fired  the  laser  on  more  than  70  occasions.7^  And  once 
the  laser  becomes  operational,  it  will  compliment  other  ballistic  missile  networks  including  the 
Ground-Based  Midcourse  Defense  System  and  the  Aegis  Ballistic  Missile  Defense  System. 
With  so  much  at  stake  during  a  missile  attack,  the  Missile  Defense  Agency  is  deploying  a  range 
of  capabilities  to  target  threats  in  the  boost,  mid-course,  and  final  stages  of  flight  to  provide  a 
maximum  level  of  protection  for  the  U.S.  and  its  allies. 

Limitations  of  the  Airborne  Laser 

The  Airborne  Laser  was  designed  to  be  used  against  tactical  ballistic  missiles  and  may 
have  limited  viability  against  adversaries  who  rely  more  on  intercontinental  ballistic  missiles 
located  well  within  their  borders.  The  200  nautical  mile  range  of  the  system  may  become 
problematic  against  silos  and  launch  pads  that  are  at  a  considerable  distance  from  a  nation’s 
borders.77  Additionally,  due  to  flight  escort  requirements,  the  laser  would  not  have  continuous 
presence  over  a  region  of  interest.  To  get  into  a  position  to  engage  a  target,  the  aircraft  would 
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require  long  flights  which  may  keep  the  aircraft  over  hostile  territory  for  extended  periods  of 
time.  This  makes  the  employment  of  the  laser  only  applicable  to  certain  theaters  of  interest. 
Although  the  future  of  the  defensive  platform  is  quite  promising,  the  range  of  this  network  will 
be  limited  to  line-of-sight  defensive  operations.  A  system  that  could  potentially  provide  an 
extended-range  option  for  missile  defense  is  a  ground-based  directed  energy  weapon  system. 
Coupled  with  space-based  relay  mirrors,  this  network  would  be  capable  of  destroying  targets  on 
a  global  scale  during  their  boost  phase  of  flight.  This  deployment  of  next-generation  directed 
energy  technology  would  represent  the  final  step  in  providing  the  U.S.  with  a  multi-layered 
missile  defense  network. 
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Free-Electron  Laser 


For  decades,  scientists  have  been  slowly  working  on  a  laser  that  could  potentially  have  an 
unlimited  power  supply  and  could  be  tuned  to  effectively  penetrate  the  air,  at  just  the  right 
wavelength.  And  for  many  years,  all  they  could  generate  was  a  laser  only  able  to  achieve  light 
bulb  strength.79  Finally,  in  2004,  scientists  at  the  Thomas  Jefferson  National  Accelerator  Facility 
finally  managed  to  assemble  a  free-electron  laser  (FEL)  that  could  generate  10,000  watts  of 
power.  Now  researchers  have  started  on  an  effort  to  build  a  system  that  can  generate  100 
kilowatts  of  power  which  is  considered  the  minimum  threshold  for  weapons  grade  power. 

Free-electron  lasers  represent  the  latest  advancements  in  directed  energy  technology.  The 
laser  shares  the  same  optical  properties  as  the  conventional  lasers  such  as  emitting  a  beam  of 
coherent  electromagnetic  radiation  which  can  reach  high  power,  but  which  uses  some  very 
different  operating  principles  to  form  the  beam.  While  a  conventional  laser  uses  bound  atomic 
or  molecular  states  as  its  lasing  medium,  an  FEL  uses  electrons  fed  from  an  electron  accelerator 
to  generate  energy.  This  gives  the  electrons  the  widest  frequency  range  of  any  laser  type,  and 
makes  the  beam  distinctly  tunable.  FEL  beams  have  the  capacity  to  operate  in  wavelengths 
from  the  infrared  to  the  ultraviolet  which  is  unachievable  by  most  conventional  lasers. 

To  create  an  FEL,  a  beam  of  electrons  is  accelerated  to  relativistic  speeds.  When  the 
electrons  enter  into  a  magnetic  field,  which  is  located  in  the  undulator,  the  field  “wiggles”  them 
up  and  down,  which  causes  the  electrons  to  emit  photons.  As  the  electrons  oscillate  up  and 
down,  they  radiate  in  a  forward  direction  which  causes  the  wavelengths  of  light  to  become 
shorter.  Since  the  energy  of  an  emitted  photon  depends  upon  the  electron  velocity  and 
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magnetic  field  strength,  the  frequency  and  color  of  the  wavelength  can  be  controlled.  [Reference 
diagram  below  for  pictorial  explanation  of  laser  operations]. 
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Courtesy  of  Thomas  Jefferson  Laboratory 


“The  FEL  is  based  on  something  called  an  energy >  recovered  linac  which  is  illustrated  above.  Electrons 
are  released  from  the  source  at  the  lower  left ,  and  are  accelerated  in  a  superconducting  linear 
accelerator  (linac).  After  emerging  from  this  linac,  the  electrons  pass  into  a  laser  cavity >  which  has  a 
wiggler  at  its  center.  This  wiggler  causes  the  electrons  to  oscillate  and  emit  light  which  is  captured  in  the 
cavity,  and  used  to  induce  new  electrons  to  emit  even  more  light.  After  exiting  the  optical  cavity  the 
electrons  then  travel  around  the  loop  at  the  top  and  back  into  the  linac.  Here  they  give  up  most  of  their 
energy >  to  a  new  batch  of  electrons,  making  the  process  highly  efficient.  ”S6 


The  sequence  that  generates  the  end  product,  which  is  the  laser  beam,  is  the  phase  in  which 
the  electrons  are  being  emitted.  Since  the  intensity  of  light  is  directly  proportional  to  the  field  of 
electrons  being  emitted,  this  has  a  proportional  effect  on  the  beam.  Like  other  high-energy  laser 
systems,  the  FEL  has  the  potential  to  offer  extremely  fast  tracking  and  response  times  for 
engaging  fast-moving  ballistic  targets. 

The  speed-of-light  delivery  timeline  of  a  FEL  has  generated  great  interest  from  the  Navy 
for  ship-based  defense.  FELs  offer  the  service  a  capability  to  protect  ships  against  cruise 


22 


missiles  that  are  not  defensible  by  conventional  lasers  because  of  the  moist 

•  •  87 

operating  environment. 

Starting  in  the  late  1960s,  the  Navy  embarked  on  a  significant  high-energy  laser 
development  program,  looking  first  at  gas  dynamic  carbon  dioxide  lasers  and  then  deuterium 
fluoride  chemical  lasers.  Although  the  service  experienced  some  success  with  these  lasers, 
they  decided  to  cancel  further  research  and  development  efforts  because  of  propagation  issues 
caused  by  thermal  blooming.  It  wasn’t  until  the  FEL  experienced  improvements  in  scalability  to 
higher  energy  levels  did  the  Navy  reinvigorate  its  interest  in  laser  ship-based  defense. 


In  October  of  2006,  Thomas  Jefferson  Laboratory  set  a  new  record  by  producing  a  14.2 
kilowatts  of  laser  beam  power  at  an  infrared  wavelength  of  1.61  microns  or  2  millionths  of  a 
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meter.  The  best  performance  for  a  laser  traveling  through  the  earth’s  atmosphere  is  found  in 
the  near  infrared  and  visible  wavelengths.90 


Infrared  Region  of  the  Electromagnetic  Spectrum 


Far  Mid  Near 

Figure  6  Courtesy  of  Thomas  Jefferson  Laboratory 


"Infrared  light  has  a  range  of  wavelengths,  just  like  visible  light  has  visible  wavelengths  that  range  from 
red  light  to  violet.  "Near  infrared"  light  is  closest  in  wavelength  to  visible  light  and  "far  infrared"  is  closer 
to  the  microwave  region  of  the  electromagnetic  spectrum.  The  longer,  far  infrared  wavelengths,  are 
about  the  size  of  a  pin  head  and  the  shorter,  near  infrared  ones  are  the  size  of  cells,  or  are 
microscopic."91 
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These  colors  allow  the  beam  to  be  focused  at  sufficiently  long  ranges  to  engage  distant  targets, 
yet  avoid  excessive  losses  due  to  scattering,  absorption,  multi-photon  ionization,  and  catastrophic 
beam  absorption.92 

In  2008,  the  Navy  issued  a  Broad  Agency  Announcement  to  design  and  fabricate  a  100 
kilowatt  FEL  for  the  purposes  of  developing  a  weapons  grade,  high  energy  weapon  system. 
Although  the  FEL  is  seen  as  a  possible  way  for  the  Navy  to  achieve  megawatt-class  power 
levels,  there  remains  much  work  to  be  done  before  the  system  can  be  scaled  to  100  kilowatts. 

Scientists  don’t  anticipate  reaching  weapons  grade  power  for  another  several  years.  Two 
major  system  limitations  that  may  slow  progress  are  halo  and  waste  dissipation  effects.  The  heat 
dissipation  limitation  applies  to  parts  in  and  around  the  wiggler  or  undulator.  Among  the 
scientists  at  the  Directed  Energy  Conference  in  Hawaii  in  November  2008,  there  was 
considerable  concern  that  as  the  power  of  a  FEL  system  increases,  excess  heat  may  affect  the 
magnetic  properties  of  the  wiggler  or  undulator  which  may  become  heated  beyond  their  Currie 
Point  (point  at  which  the  wiggler  or  undulator  lose  their  magnetic  properties).94 

As  for  “halo  effect”  this  phenomenon  occurs  when  a  large  number  of  stray  electrons  hit  the 
walls  of  the  confinement  chamber  and  causes  the  system  to  become  radioactive  during  operation. 
This  could  cause  catastrophic  failure  of  the  laser.95  With  this  limitation,  even  fractions  of  a 
millimeter  in  system  alignment  could  result  in  radically  different  beam  alignment  causing 
unintended  effects.96  Ruggedizing  these  systems  to  be  viable  for  missile  defense  application  may 
be  challenging  but  the  future  promise  of  minimizing  the  effects  of  haloing  and  heat  dissipation 
looks  promising. 
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Advantages  of  FELs  over  Conventional  Lasers 


Trade-offs  between  competing  laser  technologies  provide  the  basis  for  deciding  if  the  FEL 
is  the  appropriate  directed  energy  source  for  missile  defense  operations.  If  a  FEL  is  to  be 
deployed,  it  must  showcase  clear  advantages  over  other  laser  concepts.  Considering  the 
Airborne  laser  will  employ  the  COIL  as  the  kill  mechanism  to  engage  enemy  targets  in  theater, 
providing  a  convincing  argument  that  a  FEL  should  be  pursued  for  a  ground-based  missile 
defense  network  becomes  even  more  challenging.  The  following  list  identifies  trade-offs 
between  the  competing  laser  technologies  for  future  ground-based  applications: 

1 .  Chemical  Lasers:  As  highlighted  earlier,  these  lasers  have  already  been  scaled  to  weapons 
grade  power  and  also  offer  adequate  beam  quality  and  beam  control.  These  laser  beams 
operate  at  a  wavelength  of  3.9  microns  for  deuterium  fluoride  lasers  to  1.315  microns  for 
COIL  lasers.  Two  critical  limitations  for  the  COIL  are  propagation  in  dense  atmospheric 
environments  and  the  toxic  chemicals  required  for  operation.  No  matter  how  much  energy 
a  COIL  system  produces,  this  only  exacerbates  the  effects  of  thermal  blooming  at  surface 
levels.  The  net  effect  of  employing  the  COIL  on  the  airborne  laser  is  to  reduce  the  effects  of 
atmospheric  perturbations. 

2.  Solid-State  Lasers:  These  are  at  a  similar  state  of  technical  maturity  as  FELs  but  have 
distinct  attributes  and  technical  issues.  While  the  device  does  require  cooling,  there  is  not  a 
significant  radiation  hazard  as  currently  experienced  in  FEL  systems."  However,  a  principal 
obstacle  to  scale  a  solid-state  laser  to  weapons  grade  power  is  the  removal  of  waste  heat  from 
the  gain  medium.100  As  the  gain  medium  heats,  optical  quality  is  lost.  Additionally,  at 
weapons  grade  power  levels,  the  projected  size  and  complexity  of  solid-state  lasers  would  far 
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exceed  that  of  FEL  systems.101  From  this  analysis,  it  does  not  appear  that  solid-state  lasers 
are  an  attractive  option  for  weapons  grade  applications  and  may  function  better  for 
requirements  below  100  kilowatts. 

3.  Free-electron  Lasers:  These  have  several  distinct  advantages  for  weapons-grade 

applications.  Optimal  beam  quality,  wavelength  tunability,  and  future  scalability  to  weapons 
grade  power  that  can  operate  across  a  broad  range  of  environments  give  the  FEL  a  decisive 
advantage  over  conventional  systems.  Although  the  latest  experiments  with  FEL  technology 
have  produced  “halo  effects,”  just  by  the  nature  that  FELs  are  wavelength  tunable,  makes  the 
system  optimal  for  ground-based  missile  defense  employment. 

This  trade-off  analysis  between  high  energy  laser  systems  supports  the  assessment  that  the  FEL 
does  have  advantages  over  conventional  lasers.  This  analysis  does  not  however,  address  whether 
the  FEL  will  meet  system-level  requirements  for  a  viable  missile  defense  platform  once  the 
technology  is  scaled  to  appropriate  levels. 

Optimal  FEL  Basing  Network 

FELs  are  anticipated  to  achieve  weapons  grade  power  levels  within  the  next  10  years  or 
sooner  if  the  money  is  invested  and  the  technology  is  pushed.  ~  Depending  on  successfully 
resolving  the  cornerstone  issues  of  “haloing”  and  “heat  dissipation”  effects,  fielding  a  network  of 
ground-based  FEL  systems  holds  great  promise. 

An  operational  system  could  consist  of  30  geographically  dispersed  FEL  sites  each 
strategically  located  along  the  perimeter  of  both  the  United  States  and  Hawaii  all  controlled  by 
five  mission  control  centers.  Each  of  these  sites  would  be  paired  with  optical  high  altitude 
airships  to  reduce  atmospheric  propagation  effects  and  to  extend  the  range  of  the  ground-based 
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system.  The  airship  represents  the  first  iteration  of  technology  required  for  developing 
space-based  relay  mirrors.  The  airships  would  enable  the  FELs  to  point  their  beams  near  the 
vertical  thereby  minimizing  the  paths  of  the  beams  through  the  more  dense  portions  of  the 
atmosphere.103  The  mobility  of  the  relay  stations  would  enable  the  FEL  to  propagate  effectively 
through  a  dense  atmospheric  environment.104 

A  critical  advantage  of  fielding  30  FEL  stations  around  the  perimeter  of  the  U.S.,  coupled 
with  a  corresponding  number  of  high  altitude  airships,  is  to  provide  redundant  operations.  The 
following  is  an  implementation  example  to  further  emphasize  this  point.  Assume  that  3.3 
megawatt  FELs  are  deployed  along  the  perimeter  of  the  U.S.105  Assume  that  each  FEL  high 
altitude  airship  has  a  range  of  500  nautical  miles.  The  resultant  effect  is  only  30  FEL  sites, 
coupled  with  a  corresponding  number  of  high  altitude  airships,  would  be  needed  for  missile 
defense.  This  would  provide  the  U.S.  with  a  network  capable  of  engaging  long  and  medium- 
range  missile  as  well  as  short-range  missiles  possibly  launched  from  the  surfaces  of 
naval  vessels. 

Depending  on  how  the  perimeters  of  Alaska,  Hawaii  and  other  U.S.  territories  are  factored 
into  the  equation  for  “perimeter  defense,”  the  U.S.  perimeter  could  be  estimated  up  towards 
15,000  miles  in  length.106  In  the  implementation  example  above,  it  is  my  estimate  that  the  results 
of  deploying  30  pairs  of  FELs  and  airships,  would  result  in  a  total  cost  of  around 
$6  billion  dollars  in  2009  averages.  Once  a  network  of  space-based  relay  mirrors  are  fielded,  far 
fewer  FEL  ground  stations  would  be  needed.  The  appropriate  number  of  sites  in  that  scenario 
has  yet  to  be  determined. 
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At  a  level  of  30  FELs  and  a  corresponding  number  of  relay  mirrors,  the  complexity  of  the 
system  could  be  very  well  managed.107  Switching  to  autonomous  mode,  from  standby,  would 
only  take  a  matter  of  seconds  and  having  an  operator  in  the  decision  chain  would  provide  for 
weapons  system  surety.  The  system  would  always  be  online  during  times  of  crisis.  Since  the 
network  would  be  ground-based,  the  system  could  run  in  autonomous  mode  for  days  on  end 
without  jeopardizing  weapons  system  availability.  The  architecture  would  encompass  a  setup 
that  would  be  easily  accessible  to  maintenance  personnel.  Periodic  tune-ups,  calibrations,  and 
re-fueling  could  be  scheduled  accordingly  which  would  prolong  the  lifecycle  of  the 
weapon  system. 
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CHAPTER  4  -  SPACE-BASED  RELAY  MIRROR 


Figure  7  Courtesy  of  Air  Force  Research 
Lab 


The  Directed  Energy  office  of  the  Air  Force  Research 
Laboratory  at  Kirtland  Air  Force  Base,  New  Mexico,  is  in 
the  initial  stages  of  exploring  system  and  technological 
designs  to  base  a  dual-mirror  laser  relay  system  in  space. 
The  Aerospace  Relay  Mirror  System  (ARMS)  is  the 
prototype  being  used  to  further  advance  the  technology  for 
fielding  this  type  of  system.  ARMS  is  a  laser-relay  system  designed  to  focus  and  re-direct  a  laser 
beam  from  a  ground-based  laser  source  or  airborne  laser  onto  target,  significantly  increasing  the 
laser’s  range  and  lethality.  Compared  to  a  regular  laser  system,  a  redirected  energy  beam 
offers  several  advantages,  including  improved  beam  quality  and  the  ability  to  hit  beyond  line-of- 
sight  targets.109  Relay  systems  could  also  improve  adversary  engagement  timelines,  while 
increasing  the  standoff  range  for  manned  system  and  serving  as  a  relatively  low-cost  force 
multiplier  for  ground-based  laser  systems. 


Low-earth  orbit  relay  mirrors  could  be  used  to  receive  and  transmit  high-powered  directed 
energy  from  one  point  on  the  earth  to  another,  all  at  the  speed  of  light.  In  a  typical  application,  a 
laser  beam  would  be  directed  from  a  ground-based  system  to  a  “receive  mirror”  on  the  relay 
system.  That  mirror  would  collect  the  beam,  then  pass  it  to  a  beam  control  system  onboard  the 
spacecraft,  which  would  then  re-condition  the  energy  by  way  of  advanced  optics,  then  refocus 
and  retransmit  the  laser  to  a  target  from  a  “transmit”  mirror.1 10  This  entire  process  would  happen 
in  near-instantaneous  fashion,  which  is  critical  when  targeting  and  engaging  ballistic  missile 
weapons  which  have  a  short  burn  time  for  powered  flight. 
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Validating  System  Concept 


Boeing  Integrated  Defense  Systems  and  the  United  States 
Air  Force  recently  made  great  strides  in  their  relay  system 
development  program  by  successfully  redirecting  a  laser 
beam  to  a  target  using  the  Aerospace  Relay  Mirror 
System. 1 1 1  The  demonstration,  which  was  conducted  at 
Kirtland  Air  Force  Base,  used  a  half-scale  version  of  a 
relay-mirror  payload  that  ultimately  could  be  packaged  and  carried  to  high  altitudes  onboard  an 
airship  or  as  part  of  a  space-based  relay  network. 

System  technicians  fired  a  low-power,  sub-kilowatt  class  ground  laser  from  five  kilometers 
away  aimed  at  a  75-centimeter  “receiving”  mirror  on  the  platform.  The  mirror  then  transmitted 
the  energy  to  an  onboard  beam  director  and  from  there  a  “transmitting”  mirror  redirected  the 
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energy  to  a  stationary  target  located  three  miles  away,  scoring  a  direct  hit.  The  success  of  this 
demonstration  was  a  major  step  towards  validating  the  technology  and  operational  promise  of  the 
relay  mirror  system.  Boeing  plans  to  use  the  success  of  this  experiment  to  further  advance  this 
technology  and  advance  towards  processing  high  energy  laser  beams. 

The  Air  Force  Research  Laboratory  (AFRL)  plans  on  following  Boeing’s  vision  by 
embarking  on  a  plan  that  not  only  could  a  stationary  relay  system  hit  a  stationary  target,  but 
could  also  be  made  deployable.  This  would  ensure  the  system  remains  operationally  viable. 
AFRL’s  plan  requires  a  system  small  enough  to  be  carried  on  an  airship  that  could  relay  and 
redirect  high  energy  laser  beams  from  laser  platforms  to  destroy  mortars,  missile  or  other 


Figure  8  Courtesy  of  Boeing  Laboratory 
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targets.114  The  test  conducted  back  in  2006  only  used  low-energy  laser  power  to  demonstrate  the 
concept. 

Relay  Mirror  Advantages 

A  significant  advantage  of  employing  a  space-based  system  is  it  enables  each  platform  to 
operate  autonomously  in  its  own  environment.115  The  relay  mirror  would  operate  in  space  where 
there  are  no  atmospheric  disturbances  to  counter.  The  beam  control  system  would  receive 
energy  that  may  have  been  affected  by  the  dense  atmosphere.  The  system  would  then  cleanse 
the  laser  by  way  of  adaptive  optics  and  retransmit  a  beam  of  same  or  similar  strength  as  the 
origninal  through  its  “transmitter”  mirror. 

A  second  advantage  of  a  space-based  relay  mirror  is  since  the  platform  would  be  placed 
above  the  earth’s  atmosphere,  this  would  provide  a  global  defense  structure  to  hit  any  point  on 
the  earth  either  through  direct  line  of  sight  targeting  or  through  networking  with  other  relay 
mirrors  in  orbit.  This  capability  would  represent  a  gigantic  leap  in  missile  defense  technology  as 
a  practical  application  for  moving  laser  energy  beyond  the  horizon  and  beyond  the  limiting 
confines  of  the  earth’s  curvature.116 

Pairing  this  system  with  a  ground-based  FEL  offers  the  best  option  for  developing  a  viable 
and  credible  network  of  missile  defense  systems.  As  stated  earlier,  FELs  have  the  capability  to 
operate  at  much  shorter  wavelengths  over  the  more  traditional  lasers  and  if  that  system  is 
developed  to  weapons  grade  output,  would  offer  a  unique  advantages  of  penetrating  the  earth’s 
atmosphere  without  much  reduction  in  beam  quality. 
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Critical  System  Technological  Challenges 


There  are  several  critical  challenges  that  must  be  overcome  before  this  technology  can  be 
considered  a  viable  candidate  for  a  global  defense  instrument.  The  challenges  include  space 
vehicle  design,  vibration  and  thermal  management,  attitude  control,  large  angle  skewing  and 
momentum  control  of  a  multi-body  system  (two  mirrors,  optical  bus,  space  bus).117  Space 
vehicle  design  must  be  small  enough  to  send  into  orbit  but  have  mirrors  large  enough  to  collect 
and  re-direct  high-energy  beams. 

In  terms  of  optics,  the  relay  mirror  must  be  capable  of  precisely  pointing,  acquiring, 
tracking,  and  lasing  targets.  This  operation  will  require  line-of-sight  maneuver  capability  for 
both  mirrors.  If  line  of  sight  cannot  be  maintained,  the  mirror  must  be  sophisticated  enough  to 
re-direct  the  beam  to  another  mirror  that  has  line-of-sight  lock  on  the  target.  Finally,  large, 
lightweight  mirrors  must  be  developed  as  well  as  optical  coatings  and  techniques  for  controlling 
jitter  and  optical  aberrations.119  Currently  mirrors  that  are  able  to  receive  and  re-transmit  high 
energy  laser  beams  are  still  in  the  research  and  developmental  stages.  Developing  mirrors  that 
can  handle  high  energy  capacities  at  the  multi-megawatt  levels  represents  a  significant  challenge 
that  must  be  overcome  before  this  concept  can  move  from  research  idea  to  design. 

Notional  Relay  Mirror  Constellation 

Proposing  a  constellation  of  space-based  relay  mirrors  to  provide  services  to  an 
infrastructure  of  ground-based  free-electron  laser  systems  is  a  matter  of  selecting  an  optimum 
number  of  satellites,  their  altitude  and  their  configuration  in  some  number  of  orbital  planes.  It  is 
recommended  that  a  constellation  of  24  satellites  at  low-earth  orbit  be  used  to  field  a  space-based 
relay  mirror  network.  The  satellites  would  be  divided  into  six  groups  of  four  with  each  group 
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occupying  a  particular  plane.120  There  would  be  six  planes  with  all  inclined  60  degrees  to  the 
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equator  and  evenly  spaced  in  each  orbit. 

This  constellation  of  mirrors  in  this  particular  orientation  would  ensure  that  each  of  the  30 
FEL  sites  located  around  the  perimeter  of  the  U.S.  would  have  instant  access  to  one  of  the 
satellites  at  any  time  during  a  day.  The  mirror  would  then  be  able  to  engage  a  target  within  its 
operational  footprint  or  network  with  another  satellite  to  attack  a  target. 

Each  satellite  in  the  constellation  would  contain  an  intelligence,  surveillance  and 
acquisition  sensor  to  provide  launch  notification  and  tracking  telemetry,  and  an  automated 
internal  system  to  lock  onto  a  free-electron  laser  facility.  Upon  notification  of  a  launch,  the 
appropriate  relay  mirror  would  automatically  slew  to  point  the  beam  director  at  the  coordinates 
provided  by  the  acquisition  sensor  and  begin  “threat”  tracking  while  the  “receive”  mirror  would 
lock  onto  one  of  the  laser  ground  stations  to  await  energy. 

A  conus-based  Mission  Control  Center  would  monitor  the  autonomous  operation  of  the 
network.  The  FEL  would  autonomously  fire  its  laser  at  the  relay  mirror.  The  relay  mirror  would 
then  work  autonomously  to  initiate  an  illumination,  tracking,  and  firing  sequence  to  hit  and 
destroy  the  target.  This  process  would  happen  in  a  matter  of  seconds  so  it  would  be  imperative 
to  have  an  operator  in  the  decision-loop  to  cancel  any  firing  commands  in  the  event  erroneous 
threat  telemetry  was  received  by  the  system.  An  end-to-end  process  of  checks  and  balances 
would  be  an  absolute  must  for  deploying  this  network  of  space  systems  and  ground  sites.  In  the 
end,  the  relay  mirror  would  re-direct  the  energy  transmitted  by  a  ground-based  FEL  to  destroy  an 
adversary’s  ballistic  missiles  shortly  after  launch. 
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CHAPTER  5  -  CONCLUSION 


The  free-electron  laser  and  space-based  relay  mirror  could  constitute  the  backbone  of 
global  U.S.  ballistic  missile  defense  network  that  would  compliment  a  robust,  multi-layered 
approach  to  missile  defense.  Such  a  network  would  be  capable  of  protecting  the  U.S.  homeland 
while  also  providing  a  capability  to  protect  service  members  deployed  in  theater,  as  well  as 
providing  a  blanket  of  protection  to  defend  America’s  allies. 

An  unprecedented  number  of  international  actors  have  either  acquired  ballistic  missile 
technologies  or  are  seeking  to  acquire  such  technologies  that  could  attack  America’s  security  at 
home  and  abroad.  These  actors  include  not  only  state,  but  terrorist  organizations  who  are  also 
interested  in  acquiring  nuclear  weapons  or  nuclear  weapons-related  technologies.  North  Korea 
has  already  been  labeled  as  a  nuclear-capable  state  and  is  now  aggressively  pursuing  long-range 
missile  technologies  that  could  hold  the  U.S.  and  entire  pacific  region  at  great  risk.  Pyongyang 
announced  they  will  be  testing  the  Taepo-dong  2  missile  within  a  few  weeks  which  will  validate 
Korea’s  growing  long-range  ballistic  missile  program. 

The  Republic  of  Iran  recently  conducted  a  rudimentary  process  to  place  a  60  pound 
satellite  into  low-earth  space  orbit.  Although  the  country  is  far  from  being  able  to  challenge 
America’s  interests  in  space,  the  fact  that  they  were  able  to  place  a  payload  into  orbit 
demonstrates  Iran  is  on  the  verge  of  possessing  a  long-range  missile  capability.  Additionally, 
Iran  is  projected  to  become  nuclear  capable  by  the  year  2010.  Coupled  with  the  development  of 
an  intercontinental  ballistic  missile  arsenal  by  the  year  2015,  Iran  will  be  postured  to  attack 
America’s  borders  with  missiles  carrying  nuclear  weapons  or  other  weapons  of  mass  destruction. 

Given  the  dire  nature  of  the  growing  threat  environment,  the  missile  defense  system  the 
U.S.  should  deploy  must  have  a  global-range  capacity.  This  encompasses  a  defense  network 
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capable  of  destroying  a  target  within  seconds  after  launch,  which  could  also  provide  a 
much-needed  deterrence  structure  as  well.  The  ground-based  missile  defense  system  being 
deployed  by  the  U.S.  represents  only  part  of  the  system  that’s  required  for  global-range  defense. 
In  addition  to  being  only  a  limited-mid-course  defense  system,  the  current  network  of  kinetic 
energy  interceptors  cannot  adequately  discriminate  against  the  growing  sophistication  of 
platforms  possessed  by  U.S.  adversaries. 

Directed  energy  weapons  systems  may  be  able  to  transform  the  way  America  conducts 
ballistic  missile  defense  operations.  In  the  early  1990’s,  the  U.S.  had  a  rigorous  space-based 
sensor  and  directed  energy  development  program  for  the  purposes  of  defending  the  homeland 
against  missile  attack.  However,  the  program  was  eventually  cancelled  because  the  U.S.  was  not 
adhering  to  the  restrictions  as  outlined  in  the  Anti-Ballistic  Missile  Treaty  which  banned  the 
development  of  missile  defense  programs.  Now  that  the  U.S.  is  no  longer  a  signatory  on  this 
Treaty,  a  concerted  effort  should  be  made  to  revive  directed  energy  technologies  and  create  an 
interdiction  capability  through  space.  The  most  recent  successes  with  the  testing  of  the  Air 
Force’s  airborne  laser  indicate  research  scientists  have  the  technological  know-how  to  scale 
directed  energy  beams  to  weapons  grade  power.  Whether  or  not  this  platform  is  successful  on 
the  battlefield  remains  to  be  seen,  and  deployment  of  this  platform  to  theater  won’t  happen  for 
another  few  years.  However,  once  deployed  and  if  successful,  the  laser  could  provide  the 
blue -print  for  developing  a  ground-based  system  that  could  also  use  space  as  an  enabling 
environment  to  interdict  targets  on  a  global  scale. 

The  maturation  of  the  free-electron  laser  and  relay  mirror  technologies,  offer  tremendous 
potential  for  developing  an  extended-range  missile  defense  network.  The  FEL  has  already 
demonstrated  the  capacity  to  successfully  propagate  the  earth’s  dense  atmospheric  environment. 


35 


Tunability  of  the  FEL’s  wavelength  is  a  characteristic  not  possessed  by  conventional  lasers. 
Although  there  is  a  lot  of  work  that  remains  to  overcome  the  “halo”  and  “waste  dissipation” 
effects  of  the  laser,  the  future  of  this  technology  being  deployed  as  a  missile  defense  system  is 
very  promising.  The  Navy  has  invested  millions  of  dollars  to  design  and  fabricate  a 
multi-megawatt  FEL  to  defend  against  the  growing  range  of  cruise  missile  threats.  The  Navy 
plans  on  testing  a  weapons  grade  FEL  within  the  next  ten  years  or  sooner  if  the  technology 
matures  faster. 

In  addition  to  the  maturation  of  FEL  technology,  relay  mirror  technology  has  also  matured 
and  offer  tremendous  potential  for  being  able  to  extend  the  range  of  ballistic  missile  defense 
systems  in  the  not  too  distant  future.  The  Aerospace  Relay  Mirror  System  is  a  dual-mirror 
prototype  that’s  being  used  to  advance  and  test  demonstrate  this  technology.  Although  the  Air 
Force  has  been  successful  in  re-directing  laser  energy  and  scoring  a  direct  hit  against  a  stationary 
target,  this  test  was  conducted  using  a  low-powered  beam  of  energy.  The  Air  Force  is  in  the 
initial  phases  of  designing  optical  mirrors  that  can  receive  and  process  weapons  grade  energy  and 
re-direct  that  energy  against  a  mobile  platform.  When  relay  mirror  technology  finally  reaches 
maturation  and  is  able  to  process  weapons  grade  energy,  the  system  could  be  coupled  with  a 
ground-based  FEL  of  weapons  grade  power,  to  fonn  a  robust  missile  defense  network.  The 
future  development  of  this  technology  is  promising  and  offers  a  wide-range  of  missile  defense 
applications  and  should  be  fielded  as  such. 
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APPENDIX 


U.  S.  Air  Force  Directed  Energy  Response 
CONOPS  and  Implementation  Plan 

This  Directed  Energy  Response  CONOPS  serves  as  a  template  that  can  be  used  and 
formatted  to  serve  as  the  conceptual  framework  for  the  Capabilities  Review  and  Risk 
Assessment  (CRRA)  process  once  the  directed  energy  technology  matures  and  achieves  weapons 
grade  capability,  and  the  political  leadership  desires  to  field  a  directed  energy  missile  defense 
infrastructure.  The  CRRA  is  the  U.  S.  Air  Force  process  for  evaluating  capability  requirements 
and  revealing  shortfalls,  gaps  and  redundancies  in  the  Air  Force  capability  portfolio.  The 
findings  of  the  CRRA  are  incorporated  into  the  Annual  Planning  and  Programming  Guidance 
(APPG)  to  provide  senior  leadership  with  operational,  capabilities-based  guidance  for  the  Air 
Force  Program  Objective  Memorandum  decisions,  and  they  are  expressed  in  tenns  of  the  Joint 
Capability  Areas  in  support  of  the  Joint  Capabilities  Integration  and  Development  System 
(JCIDS).123  This  Directed  Energy  Response  CONOPS  is  developed  to  link  the  Air  Force 
capabilities-based  planning  process  to  JCIDS,  which  will  reflect  the  Air  Force’s  institutional 
commitment  to  building  a  more  lethal  and  better  equipped  joint  force. 

SECTION  I  -  ISSUE 

Problem  Statement 

Ballistic  missile  threats  against  the  United  States  is  a  growing  concern  and  presents  one  of 
the  greatest  challenges  facing  the  continued  security  of  our  nation.  An  unprecedented  number  of 
international  actors  either  have  or  are  in  the  process  of  acquiring  ballistic  missiles  capable  of 
hanning  the  U.S.  Irrational  actors  are  also  seeking  to  cause  harm  to  U.S.  friends  and  allies 
around  the  world  in  hopes  to  influence  public  opinions  about  partnering  with  America.  The 
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current  U.S.  ballistic  missile  defense  infrastructure,  although  possibly  effective  against  a  limited 
number  of  missile  threats,  does  not  have  the  robustness,  technological  capacity  nor  the 
sophistication  required  to  provide  a  truly  global  defense  capability.  Although  there  are  plans  to 
build  and  test  a  more  responsive  kinetic  intercept  technology  for  deployment  within  the  next 
three  years,  this  technology  may  continue  to  be  ineffective  against  nations  and  non-state  actors 
who  possess  weapons  of  great  sophistication  and  capability  to  defeat  planned  missile 
defense  shields. 

Ongoing  research  and  development  with  directed  energy  lasers,  in  particular,  free  electron 
lasers,  and  space-based  relay  mirrors  could  one  day  provide  a  global  defense  system  aimed  at 
defeating  missiles  during  the  initial  stage  of  flight.  Directed  energy  is  a  very  ahractive  option 
since  it  operates  at  the  speed-of-light,  can  be  based  within  U.S.  borders,  and  could  be  able  to 
provide  near  instantaneous  effects  on  a  global  realm  against  targets  that  continually  threaten 
America.  This  technology,  once  it  achieves  weapons  grade  power,  may  one  day  enable  the  U.S. 
to  credibly  deter  and  effectively  defeat  ballistic  threats  originating  from  anywhere  in  the  world. 

Purpose  of  the  Directed  Energy  Response  CONOPS 

Directed  Energy  Response  CONOPS  explains  how  U.  S.  Air  Force  capabilities  can  be  used 
to  destroy  ballistic  missile  threats  on  a  global  scale  using  ground-based  lasers  strategically 
deployed  within  the  continental  U.S.  This  capability  will  continually  support  Joint  Force  Global 
Strike  objectives,  but  will  be  used  solely  as  a  defensive  countenneasure  to  destroy  targets.  A 
complimentary  low-earth  orbit  network  of  relay  mirrors  may  provide  an  over-the-horizon 
capability  to  attack  key  targets  both  globally  and  on  short-notice.  The  ground-based  system 
coupled  with  the  space-based  relay  mirrors  could  provide  a  highly  precise,  near-instantaneous 
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long-range  defensive  response  option  even  able  to  penetrate  anti-access  environments.  Directed 
energy  seeks  to  defeat  adversary  capabilities  at  their  point  of  origin  which  will  form  the  basis  of 
a  viable  and  credible  missile  defense  capability  to  provide  for  U.S.  security  at  home  and  abroad 
and  a  mechanism  to  protect  friends  and  allies. 

Relationship  to  Other  U.S.  Air  Force  CONOPS 

This  enabling  CONOPS  is  in  direct  support  of  all  U.  S.  Air  Force  CONOPS  and  presents  a 
framework  for  directed  energy  response  infrastructure.  Other  Air  Force  CONOPS  include 
Global  Mobility,  Global  Strike,  C4ISR,  Nuclear  Response,  Homeland  Security,  Global  Persistent 
Attack  and  Agile  Combat  Support.  These  seven  Air  Force  CONOPS  are  linked  to  national 
strategy,  joint  and  Air  Force  doctrine,  and  the  contributions  of  other  agencies,  alliances  and 
coalitions  through  the  Air  Force  Capstone  Concept  for  Joint  Operations.  These  documents 
articulate  how  the  Air  Force  will  contribute  to  the  Joint  Force’s  ability  to  protect  and  advance 
U.S.  national  interests  today  and  in  the  future,  explain  how  we  contribute  to  Joint  Force 
operations,  where  we  are  going  in  terms  of  developing  future  capabilities,  and  how  we  will  fight 
in  the  future.125 

SECTION  II  -  OVERVIEW 

Synopsis 

Directed  Energy  Response  is  designed  to  create  operational  and  strategic  effects  to  defend 
the  U.S.  against  missile  attacks.  This  capability  could  also  set  the  environment  for  joint  forces  to 
operate  in,  and  defeat  access  challenges  across,  a  broad  spectrum  of  operational  environments  to 
include  air,  land,  sea,  space  and  cyberspace.  Directed  Energy  Response  will  rely  heavily  on  a 
synergistic  coupling  of  ground-based  systems  with  space-based  low  orbit  satellites,  all 
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commanded  and  controlled  by  a  dedicated  network  of  mission  control  centers.  This  enduring 
concept  provides  for  around-the-clock  threat  assessment  and  immediate  defeat  mechanism 
directed  against  threatening  missiles  launched  on  a  global  scale.  This  response  also  provides  a 
mechanism  to  defeat  an  adversary’s  theater  ballistic  missile  systems,  paving  the  way  for  freedom 
of  maneuver  for  U.S.,  joint,  coalition  and  multinational  forces. 

Previous  U.S.  strategies  to  address  rising  tensions  and  conflicts  depended  on  U.S.  forces 
having  sufficient  time  to  build  up  a  coalition  in  theater.  This  approach  requires  a  long  logistics 
trail  and  a  large  amount  of  personnel  resources  during  the  early  stages  of  conflict.  Adversaries 
of  the  future  will  recognize  this  long  deployment  and  basing  phase  and  attempt  to  exploit  this 
limitation  through  long-range,  stand-off  weapons.  Both  rising  powers  and  non-state  actors  are 
acquiring  or  seeking  to  acquire  ballistic  missile  systems  to  threaten  or  discourage  the  U.S.  from 
operating  in  desired  locations. 

Need  for  Continued  Military  Transformation 

The  U.S.  military  is  transforming  to  develop  a  more  robust  and  lethal  buffet  of  options  to 
meet  a  radically  changing  national  security  environment.  The  U.S.  must  deal  with  a  wide-array 
of  challenges  in  theater  and  on  the  home  front,  and  must  continually  be  aware  of  a  growing 
missile  threat  aimed  at  attacking  our  security  and  disrupting  our  way  of  life.  The  attacks  of  9- 1 1 
help  reemphasize  that  point. 

Despite  current  advancements  in  directed  energy  technology,  the  U.S.  faces  four  strategic 
challenges  on  the  road  ahead  in  creating  a  weapons  grade  high  energy  laser  capability  . . . 
research  and  development,  planning  and  programming,  fielding  and  associated  expenses. 
However,  addressing  each  of  these  areas  would  be  a  prudent  strategy  as  the  U.S.  moves  toward 


planning  a  multi-layered  defense  infrastructure.  When  current  deterrence  fails,  the  U.S.  must 
possess  a  system  capable  of  striking  targets  anywhere  in  the  world,  at  a  time  of  our  choosing,  and 
in  a  way  to  maintain  persistent  follow-on  operations. 

Desired  Effects 

Directed  Energy  Response  offers  two  desired  effects  for  a  global  ballistic  missile 
defense  capability: 

•  Multi-layered,  complimentary  missile  defense  infrastructure:  Directed  energy  lasers 
complimented  by  space-based  relay  mirrors  and  combined  with  current  and  future  kinetic-kill 
interceptors  could  enable  the  U.S.  to  defeat  all  missile  threats  regardless  of  location  of  origin 
and  during  any  stage  of  flight. 

•  Near-instantaneous,  long-range  global  stand-off  response:  Quickly  neutralize  and  defeat  an 
adversary’s  missile  capability  to  defend  the  U.S.  against  global  threats  and  to  enable  U.S.  and 
coalition  forces  freedom  of  maneuver  in  theater. 

Directed  Energy  Response  must  be  able  to  provide  a  robust  kill  chain  by  striking  targets  within 
seconds  of  launch  notification.  Threats  to  the  U.S.  and  forces  deployed  in  theater  may  originate 
from  anywhere  on  the  globe  in  forms  of  intercontinental,  medium-range,  and  short-range 
missiles,  and  will  require  an  immediate  kill  response.  When  threats  are  identified  and  confirmed 
by  joint  force  operators,  the  U.S.  must  respond  immediately,  regardless  of  the  distance  to  target. 
Adversaries  may  use  asymmetric  offensive  capabilities,  such  as  chemical,  biological, 
radiological,  nuclear  and  high  yield  explosives  onboard  a  wide-range  of  missiles.  Directed 
Energy  Response  networks  could  defeat  the  WMD  threat  which  will  eliminate  the  requirement 
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for  a  large  force  build-up,  or  may  be  a  part  of  an  anti-access  defeat  mechanism  to  enable 
persistent  attack  joint  operations. 

SECTION  III  -  CONTEXT 

Time  Horizon 


This  U.  S.  Air  Force  CONOPS  addresses  capabilities  required  to  achieve  desired  effects  25 
years  from  the  present.  This  is  a  living  document  and  will  continually  require  updating  as  the 
directed  energy  technology  continues  to  mature.  Air  Force  doctrine  and  strategy  must  be 
developed  in  advance  to  correspond  to  projected  domestic  and  international  security 
environments,  and  as  directed  by  political  leadership. 

Critical  “Must-Haves”  for  System  Development 

Lessons  learned  as  this  technology  matures  dictate  we  pay  attention  to  and  push  for  the 
following  critical  “must-haves”  to  achieve  desired  system  development: 

•  Congress  fully  resource  and  finance  continued  free-electron  laser  and  space-based  relay 
mirror  research  and  development. 

•  Encourage  cooperation  between  DoD  and  Department  of  Homeland  Security  (DHS)  to 
promote  R&D  for  this  technology. 

•  Establish  a  common  operational  framework  between  services  and  research  laboratories  for 
system  design. 

•  DHS  conduct  a  National  Needs  Assessment  to  identify  U.S.  critical  infrastructure  vulnerable 
to  ballistic  missile  attack. 

•  Eliminate  Air  Force  and  defense  industry  organizational  and  functional  barriers  that  may 
slow  system  development  and  experimentation. 
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•  U.S.  establish  bi-lateral  technology  sharing  programs  with  allies  to  open  dialogue  about  U.S. 
intentions  and  to  determine  what  a  future  directed  energy  defense  program  would  look  like 
and  how  it  could  benefit  them. 

U.S.  Air  Force  Advantages 

The  Air  Force  offers  several  advantages  over  other  military  services  for  leading  the  effort 
to  further  develop  and  field  this  capability: 

•  Well  developed  training  and  education  system 

•  Dedication  of  our  people  from  the  most  junior  airman  to  the  most  senior  officer. 

•  Strong  sense  of  mission  and  perfonnance  expectations. 

•  Proven  culture  of  exceeding  standards  in  technology  and  achieving  weapon 
system  compliance. 

•  Ingrained  desire  to  innovate  and  continually  improve  in  technological  development. 

Critical  Risk  Factors  and  Potential  Shortfalls 


As  the  U.  S.  Air  Force  moves  forward  in  further  developing  directed  energy  and  relay 
mirror  technology,  there  are  a  few  risks  and  potential  shortfalls  that  must  be  taken 
into  account: 

•  Directed  energy  lasers  may  be  unable  to  overcome  atmospheric  perturbations  and 
technological  limitations  which  will  prevent  employment  as  a  viable  weapons  system. 

•  Inability  of  scientists  to  develop  relay  mirrors  capable  of  receiving  and  redirecting  the 
weapons  grade  energy  required  to  be  used  as  an  effective  defense  mechanism. 

•  U.S.  economy  and  financial  constraints  may  prevent  an  aggressive  approach  to  developing 
and  validating  this  technology. 
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•  Unintended  geopolitical  consequences  that  may  sour  relations  between  the  U.S.  and  potential 
adversaries. 

•  Other  countries,  i.e.  China,  Russia  and  India  may  become  the  first  to  develop  and  field  this 
technology. 

SECTION  IV  -  EMPLOYMENT  CONCEPTS 

Critical  Capabilities 

Directed  Energy  Response  capabilities  are  those  that  directly  enable  the  creation  of  desired 
operational  effects  in  a  multi-layered  defense  network.  The  critical  capabilities  listed  below  are 
required  for  successful  employment  of  a  directed  energy  system. 

Space  Superiority 

Space  superiority  is  the  degree  of  dominance  in  space  that  enables  free  conduct  of  military 
operations  and  maneuver  over  land,  sea  and  air  at  a  given  period  of  time  to  meet  U.S.  political 
objects  and  national  military  strategy.  Space  provides  the  ultimate  domain  from  which  to 
perform  the  breadth  of  global  missile  defense  operations.  Gaining  and  maintaining  space 
superiority  is  a  critical  force  enabler  which  includes  satellite  communications,  positioning, 
navigation  and  timing,  near  real  time  threat  detection,  targeting  data,  damage  assessment,  and 
accurate  and  timely  weather  assessments  and  predictions. 

Influence  Operations 

Influence  Operations  provide  the  ability  to  affect  the  perceptions  and  behaviors  of  states 
and  non-state  actors  through  the  full  range  of  offensive  and  defensive  psychological  operations, 
military  deception,  counterintelligence,  counter-propaganda,  public  affairs  and  operations 
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security.  IFO,  as  part  of  Information  Operations,  is  governed  by  AFDD  2-5.  As  stated  in  the 
Global  Strike  CONOPS,  Influence  operations  capabilities  are  employed  during  peacetime  to 
communicate  national  policy,  resolve,  political  intent  and  project  timely  and  accurate 
information  to  global  leaders.  During  directed  energy  response  operations,  influence  operations 
would  allow  commanders  to  convey  selected  information  and  indicators  to  target  audiences  to 
deny,  degrade  and  disrupt  an  adversary’s  decision  processes  to  use  weapons  of  mass  destruction 
and  the  means  to  deliver  them. 

Enabling  Capabilities 

Enabling  operational  capabilities  as  stated  in  the  Global  Strike  CONOPS  are  those 
capabilities  that  support  or  indirectly  contribute  to  desired  operational  effects.  Enabling 
capabilities  for  Directed  Energy  Response  are  Command  and  Control,  Surveillance  and 
Reconnaissance,  Intelligence,  and  Force  Protection. 

Command  and  Control  (C2) 

The  nature  of  Directed  Energy  Response  requires  a  network  of  established  and  tested 
mission  control  centers  manned  by  properly  trained  and  experienced  operators.  C2  provides  the 
capability  to  monitor  and  react  to  threat  environments  and  command  directed  energy  weapon 
systems  to  respond  to  any  threatening  missile  attack.  At  its  core,  C2  is  about  decision-making 
and  the  individuals  who  make  decisions;  commanders  and  operators  who  process  data  in  rapid 
fashion  so  that  the  weapons  systems  can  provide  near-instantaneous  defeat  options  in  defending 
the  United  States.  Command  and  control  capabilities  must  be  flexible,  enduring,  versatile  and 
adaptable  to  enable  sufficient  operator  input  at  the  joint  force  level. 
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Surveillance  and  Reconnaissance 


As  stated  in  the  Global  Strike  CONOPS,  Surveillance  and  Reconnaissance  are  the 
capabilities  required  to  persistently  and  adaptively  collect  data  to  enable  continuous 
characterization  of  all  adversarial  forces.  Directed  Energy  Response  operations  require  a  robust 
global  architecture  provided  by  space-based  relay  mirrors  capable  of  gathering  infonnation  via 
onboard  Intelligence  SR  sensors.  This  transformational  objective  set  of  capabilities  and 
persistency  would  offer  both  wide  area  and  focused  collection  of  data.  Sensors  on  space-based 
platforms  must  be  highly  observable  and  must  be  able  to  gather  infonnation  inside  of  the 
adversary’s  threat  environment.  Joint  and  coalition  forces  would  leverage  the  data  collected  in 
rapid  reaction  time  and  execute  a  directed  energy  response  option  and  afterwards  prepare  other 
global  strike  assets  to  be  used  for  follow-on  operations.  Terrestrial  weather,  space  weather  and 
other  environmental  sensor  data  must  be  accounted  for  and  overcome  with  a  wide-range  of 
surveillance  and  reconnaissance  capabilities  located  on  other  space-based  platforms. 

Intelligence 

Intelligence  is  the  product  resulting  from  the  collection,  processing,  integration,  analysis, 
evaluation  and  interpretation  of  available  information  concerning  foreign  countries  or  areas.  As 
stated  in  the  Global  Strike  CONOPS,  intelligence  capabilities  provide  information  and 
knowledge  about  an  adversary  obtained  through  observation,  investigation,  analysis,  and 
understanding.  As  a  result,  the  intelligence  process  enables  the  ability  to  produce  the  analytical 
products  required  to  conduct  Directed  Energy  Response  operations.  To  support  Directed  Energy 
Response  operations,  data  gathered  by  space-based  relay  mirrors  need  to  be  used  to  1)  create  a 
database  of  potential  threats,  2)  perfonn  detailed  threat  analysis,  3)  anticipate  potential  military 
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application,  and  4)  build  a  true  reflection  of  the  threat  environment  and  full-range  of  adversary 
capabilities.  Directed  Energy  Response  operations  requires  a  common  database  to  collect,  store, 
share  and  exploit  sensor  infonnation,  and  continuously  forward  actionable  intelligence  to  the 
operators  at  the  mission  control  centers. 

Force  Protection 

Force  Protection  is  vital  to  the  operations  at  the  mission  control  centers  and  ground-based 
directed  energy  laser  networks.  To  minimize  impact  to  operations  and  to  ensure  freedom  of 
action,  mission  control  centers  and  ground-based  lasers  must  be  secured  from  conventional  and 
unconventional  threats  and  payloads  delivered  by  surface  and  air  forces,  terrorist  activities, 
artillery,  etc.  Force  protection  includes  the  capability  to  detect  and  neutralize  air  threats  (missiles 
as  well  as  manned  and  unmanned  aircraft),  detection  of  CBRNE  weapons  and  mitigation  of 
effects,  systems  to  warn  forces  of  probable  attack,  and,  if  necessary,  survive  and  operate  under 
hostile  conditions. 

End  State 

The  end  state  of  a  Directed  Energy  Response  engagement  would  be  upon  completion  of  a 
successful  intercept  and  destruction  of  a  ballistic  missile  threat.  In  a  theater  attack  scenario,  the 
transition  to  capabilities  addressed  in  the  Global  Persistent  Attack  CONOPS  would  occur  when 
the  Joint  Force  Commander  detennines  the  adversary’s  missile  threat  is  diminished  enough  to 
allow  persistent  joint  forces  to  operate  freely  and  effectively. 
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SECTION  V  -  SUMMARY 


Directed  Energy  Response  CONOPS  represents  the  highest  end  and  most  challenging  of 
the  defense  capabilities  to  plan,  program  and  develop.  The  ability  to  defend  the  U.S.,  troops  in 
theater,  and  our  allies  against  tactical  missiles  filled  with  weapons  of  mass  destruction  represents 
the  highest  of  priorities  for  battlefields  of  the  future.  If  used  to  defeat  ballistic  missiles  in  theater, 
the  Directed  Energy  Response  option  will  enable  the  Joint  Force  Commander  to  employ  a  viable 
and  credible  system  to  destroy  incoming  missiles  and  create  the  conditions  necessary  to  establish 
follow-on  access  for  joint  forces.  If  used  to  defeat  strategic  missile  attacks  against  the  U.S.,  the 
Directed  Energy  Response  option  will  enable  the  President  to  direct  a  full-range  of  response 
options  for  follow-on  joint  force  operations. 

There  is  still  a  tremendous  amount  of  research  and  development  that  needs  to  take  place 
before  bringing  the  directed  energy  technology  to  the  forefront  as  a  viable  candidate  for  weapons 
system  development.  However,  with  the  continued  maturation  of  this  technology  and  the 
growing  threat  of  missile  attacks  and  continued  proliferation  of  weapons  of  mass  destruction  that 
will  enable  small-state  or  non-state  actors  to  remain  a  credible  threat,  directed  energy  is  a 
concept  worthy  of  advancing  and  demonstrating  in  the  not  too  distant  future.  This  CONOPS 
serves  as  a  guide  to  develop  and  potentially  deploy  a  directed  energy  missile  defense  weapon 
system. 
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